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Background. Recurrent implantation failure (RIF), a clinical disorder characterized by failure to achieve pregnancy after repeated
(≥3) embryo transfer, is a challenge for reproductive demands worldwide. In our preliminary work, the Zhuyun formula (ZYF)
with auricular acupressure, a complementary and alternative medicine (CAM) with a small sample size for RIF, can improve the
clinical pregnancy rate (41.2% vs. 26.7%, treatment group vs. control group, p< 0.05). Based on the toxicological and pregnancy-
related pharmacological analysis of ZYF for RIF, the T-cell receptor signaling pathway might be involved in the pharmacological
activity.,is study aimed at evaluating the efficacy and safety of the CAM therapy according to pregnancy outcomes andmaternal
and child health and investigating the changes of T-helper (,) cells in the peripheral blood of unexplained RIF women.Materials
andMethods. We conducted a prospective, two-arms, randomized, nonblinded study. All eligible women were randomly assigned
to the treatment group (TG) and the control group (CG) according to a computer-generated randomization list in sealed opaque
envelopes. Blood samples were collected from the two groups, and serum,1,,2, and Treg were detected by flow cytometry.,e
cytokines were detected by an enzyme-linked immunosorbent assay (ELISA). ,e TG was administrated with ZYF and auricular
acupressure for three months before ovarian stimulation, while the control group was on a waiting list for the same period. ,e
primary outcome was CPR. ,e second outcomes were the serum levels of immune parameters. For the safety evaluation, the
perinatal outcomes of maternal and child were obtained by follow-up. Post-hoc sensitivity analyses were performed to assess the
effect of missing data. Results. One hundred and twenty-three women were randomized into the TG (n� 62) and CG (n� 61). ,e
CPR was increased significantly in the TG (45.2%) than CG (26.2%) (p� 0.029). Twenty blood samples were collected, and the
,2/,1 and Treg expression level was significantly higher in the TG than in the CG. IL-2, IL-10, and Foxp3 were higher
significantly in the TG than in the CG.,ematernal and child perinatal outcomes were not significantly different between the two
groups. Conclusions. ,e ZYF with auricular acupressure was effective and safe in improving the pregnancy outcomes of RIF. It
might be related to balancing the level of cytokines related to the immune tolerance of the maternal-fetal interface to protect the
embryo from the maternal immune system. Clinical Trial Registration: Clinical Trial Registry; date: 14/Dec/2013; no.
NCT03078205.
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1. Introduction

Numerous progress in reproductive technology has signif-
icantly increased the opportunity of being parents for in-
fertile couples [1]. However, a new challenge has emerged:
recurrent implantation failure (RIF) [2]. Although there is
no universally agreed-upon definition [3], RIF is often de-
fined as the failure to achieve a clinical pregnancy after the
repeated transfer (≥3) of more than four good-quality
embryos under the age of 40 years [3, 4]. RIF is still one
of the most challenging clinical dilemmas worldwide since
the low clinical pregnancy rate (CPR) of in vitro fertilization
and embryo transfer (IVF-ET). ,ere is 10% incidence of
RIF patients among the IVF-ET[2, 5, 6]. Currently, the
etiology search and treatment of RIF mainly focus on the
following three aspects: 1) maternal-fetal factors mainly
including reproductive organ lesions, endometrial re-
ceptivity, and thrombotic diseases; 2) embryo factors mainly
include chromosomal abnormalities, zona pellucida scle-
rosis, embryo culture, and transfer, and the malefactors; and
3) the immune factors, which gained increased attention
recently, such as immune cells including T-helper cells
(,1), ,2, Treg, ,17, mononuclear macrophages, and
natural killer cells, which are all important cells involved in
the process of implantation. Autoimmune disease anti-
phospholipid antibodies and antinuclear antibodies have
been confirmed to have higher plasma concentrations in
patients with recurrent implantation failure than in healthy
women of childbearing age, especially for the unexplained
RIF [7–9].

Traditional Chinese medicine (TCM) therapy with a rich
theoretical basis and clinical application for treating in-
fertility includes Chinese herbs [10], acupuncture [11, 12],
moxibustion [13], and taichi (exercise), which have been
widely and increasingly applied in the clinic as a comple-
mentary and alternative medicine (CAM) [14]. Kidney
deficiency, Qi stagnation, and blood stasis play crucial parts
in infertility pathogenesis. ,e Zhuyun formula (ZYF) is
composed of Wuzi Yanzong Wan (WZYZW) [15, 16], Sini
San (SNS) [17], and Siwu decoction (SWD), which are the
most classic recipes for kidney nourishment, liver regula-
tion, and blood circulation. ,e components and molecules
of ZYF are shown in Table S1 and Figure S1. Auricular
acupressure is also widely used for treating infertility, es-
pecially for decreasing distress [18]. We found the significant
efficacy of a CAM therapy (ZYF combined with auricular
acupressure) in the preliminary trial with a small sample size
(n� 30, each group) for RIF underwent IVF-ET (CPR: 41.2%
vs. 26.7%, treatment group vs. control group p< 0.05).
Furthermore, based on the therapeutic efficacy, we per-
formed network pharmacology of ZYF for the RIF target
protein and biological regulation process to identify the
therapeutic mechanism of ZYF on specific target proteins
involved in RIF (Tables S2 and S3). We also found out that
the biological regulation process of immune tolerance
during embryo implantation (ET) and the T-cell receptor
signaling pathway (Tables S4 and S5), especially, might be
involved in the pharmacological activity of ZYF on RIF.
However, reliable evidence supporting the efficacy and safety

of the CAM therapy use during the IVF-ET is still lacking.
Whether the CAM therapy affects postpartum recovery and
normal development of newborns in the long term is also
widely of concern for medical workers and families. Con-
sequently, focusing on evaluating the effects on perinatal
outcomes and long-term health among these infants should
be complemented in the follow-up phase.

Accordingly, considering the particularity of the pop-
ulation (women of childbearing and who are pregnant) and
safety concerns, we conducted the randomized, nonblinded
study to evaluate the efficacy and safety of ZYF and auricular
acupressure to reduce the selection bias. Our findings
provided a scientific, effective, and systematic theory and
contributed to improving the evidence regarding the safety
of the ZYF during IVF-ET.

2. Materials and Methods

2.1. Sample Size. Combining our preliminary study, evi-
dence from the systematic reviews, and clinical advice, we
estimated that a 25% or greater increase in the proportion of
clinical pregnancy will be clinically important. To obtain
80% power at a 5% significance level for a 2-sided test, we
assume a proportion of 24.5% [19] clinical pregnancies in the
control group and 49.5% clinical pregnancies in the treat-
ment group. ,e minimal sample size calculated is 55 for
each group. Considering about a 10% dropout rate, 121
participants in total are needed. ,e sample size was cal-
culated by PASS 15.0 software.

2.2. StudyDesign. Women of childbearing age or pregnancy
are special, and the placebo setting may increase the like-
lihood of declining enrollment. To reduce the placebo effect,
objective outcomes were observed. ,us, the study was
a nonblinded, single-center, prospective, randomized con-
trolled trial conducted in the West China Second University
Hospital, Sichuan University. All eligible patients collected
in the study agreed to participate and signed an informed
consent form. ,e study was approved by the ethics com-
mittees (2016KL-013). ,e authors registered the trial with
Clinical-Trials.gov (NCT03078205). Details of the study
design (Figure S2), rationale for the primary and secondary
outcome measures, power analyses, and the statistical
analysis plan are available in the protocol (Supplementary
Materials 1). It complies with the guidelines prescribed by
the Consolidated Standards of Reporting Trials (CONSORT)
checklist (Supplementary Materials 2).

2.3. Patient Recruitment. Participants diagnosed with RIF
[5] and aged between 20 and 39 years who were undergoing
ART will be included. Women who were planning cycles of
preimplantation genetic testing (PGT), preimplantation
genetic screening (PGS), reproductive malformation, and
reproductive inflammation, as well as those with a diagnosis
of congenital abnormality (such as a submucous myoma,
intrauterine adhesion, or uterine malformation), autoim-
munity, and endocrine disorders, and their husbands
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diagnosed with serious asthenozoospermia or oligospermia,
were excluded from this trial.

2.4.RandomizedandMasking. Women were recruited at the
time of the diagnosis of RIF without remaining embryos, and
the decision to undergo a new IVF cycle or intracytoplasmic
sperm injection (ICSI) cycle and randomization occurred
before the new menstrual cycle. Subjects were randomly
allocated to the treatment group by a selection of the sealed
envelope in the sequence based on a computer-generated
list. Nurses did the randomization and the procedure was
performed blinded to both the patients and to the clinician
who performed the embryo transfer.

2.5. Intervention. In the treatment group, CAM treatment was
utilized for three months before follicle stimulation, which
included two kinds of interventions: ZYF and auricular acu-
puncture.① Z YFwas given three times daily, 200ml per time.
,e decoction was composed of ZYF, which contained Tu Sizi
(Cuscuta chinensis Lam.) 15 g, Fu Penzi (Rubus idaeus L.), Gou
Qizi (Lyciumchinense Mill.) 10 g, Chai Hu (Bupleurum chi-
nense) 10 g, Bai Shao (Cynanchum otophyllum) 15 g, Zhi Ke
(Poncirus trifoliata (L.) Raf) 10 g, Dang Gui (Angelica sinensis
(Oliv.) Diels) 10 g, Chuan Xiong (Ligusticum chuanxiong Hort.)
10g , Shu Dihuang (Rehmannia glutinosa (Gaert.) Libosch. ex
Fisch. et Mey.) 10 g, and Zhi Gancao (Glycyrrhiza uralensis
Fisch.) 5 g. All the ingredient herbs were extracted with boiled
water to make an aqueous extract. ,e decoction can nourish
the kidney essence, smooth the liver Qi, and circulate the blood.
② Auricular acupuncture: Small stainless needles for auricular
treatment at the following points, Liver (CO12), Shenmen
(TF4), Neifenmi (CO18), E (AT1), Nie (AT2), and Zhen (AT3)
were used in the trial before IVF/ICSI for three months, once
per week. All treatments were performed by the same well-
trained examiner, in the same way. ,e details of composition,
the source and the dosage of ZYF, and the location of auricular
points are shown in Table S5 and Figure S3 in Supplementary
Material 1.

In the control group, all participants were naturally
waiting for 3 months before IVF/ICSI. For all subjects
undergoing ARTafter three months, a standard long agonist
protocol for ovarian stimulation was performed [20]. Egg
retrieval, fertilization, and embryo transfer were determined
by their treating clinician.

2.6. Outcomes. Information on demographics, fertility his-
tory, and health status were collected from subjects. To
reduce the placebo efficacy of the CAM therapy as possible,
we collected the objective outcomes in our study. ,e details
of the definition and calculation of the outcomes were shown
in the protocol (Supplementary Materials 1)

2.7. :e Pregnancy Outcomes after IVF-ET. For the primary
analysis, we first compared the proportion of women with
clinical pregnancy in the two groups for all participants
using relative risks (RRs) with 95% confidential difference
(CI) with a hypothesis test for no effect. Clinical pregnancy is

defined as the presence of at least one intrauterine gesta-
tional sac or fetal heartbeat confirmed by ultrasound,
4∼6 weeks after embryo transfer. ,e second outcomes were
natural conception, ongoing pregnancy rate, and pregnancy
loss (including biochemical miscarriage, clinical pregnancy
loss, and ectopic pregnancy).

2.8. :e Expression Levels of :1 (IL-2, IFN-c), :2 (IL-4, IL-
10), and Treg (Foxp3) in Peripheral Blood. To describe and
analyze the benefit of CAM for unexplained RIF, the level of
immune cells (,1 (IL-2, IFN-c), ,2 (IL-4, IL-10), and Treg
(Foxp3)) was tested. Enrolled subjects diagnosed with un-
explainedRIFhad serum levels checked. Serum levels of,1 (IL-
2, IFN-c), ,2 (IL-4, IL-10), and Treg (Foxp3) were measured
before and after the intervention at the middle luteal phase
(6∼7 days after LH peak, progesterone ≥5ng/ml). It is known
that successful pregnancy is associated with the maternal im-
mune, andwe also extracted the ratio of,2 and,1 (,2/,1).

4ml of complete blood was collected by vacuum blood
collection vessel anticoagulant with heparin sodium. ,e
peripheral blood mononuclear cells (PBMC) were isolated
and cultured. ,e samples were stored in 4°C refrigerators
and analyzed within 24 hours. Flow cytometry was used to
detect the level of Treg cells (BD Cytofix/Cytoperm) in
peripheral blood mononuclear cells using ™ fixation/per-
meabilization solution kit (554714, BD company, CA, USA),
CD4-FITC (eBioscience, 11-0049-41), and CD25-PE
(eBioscience, 12-0259-42). ,e level of IL-2, IFN-c, IL-4, IL-
10, and Foxp3 was detected in an enzyme-linked immu-
nosorbent assay (ELISA). ,e specific steps were strictly
followed as per the instructions mentioned in the kit. Ad-
ditional details on the experimental instruments and
equipment, sample collection steps, and cytokines detection
steps are provided in Supplementary Materials 1.

2.9. Maternal and Child Health during the Perinatal Period.
,epregnancy and perinatal outcomes were obtained by follow-
up with the patient as per the Society of Assisted Reproductive
Technologies (SARTs) reporting guidelines through systematic
medical records inquiry, face-to-face consultation, telephone, or
WeChat inquiry. Maternal health indicators included Down’s
syndrome screening, the incidence of pregnancy complications
and pregnancy-specific diseases, and delivery and postpartum
conditions to evaluate maternal health. ,e neonatal outcomes
will be recorded, and the neonatal development will be observed
by follow-up in 3 months and 1 year.

2.10. Statistical Analysis. To assess the effect of missing data,
an intention-to-treat (ITT) analysis was planned and we
performed post-hoc sensitivity analyses, fitting best- and
worst-case scenarios. For the best-case scenario, we assumed
all unknown events in the treatment group were positive
(clinical pregnancy) and those in the control group were
negative. For the worst-case scenario, we assumed none of
the women with missing data in the treatment group became
pregnant, and all of the women with missing data in the
control group did become pregnant.
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SPSS 25.0 statistical software was used for statistics, and
the measurement data were expressed as X ± s. ,e data
were normal distribution, the independent sample t-test was
used for intergroup comparison, and paired sample t-test
was used for intragroup comparison; if the data were skew
distribution, the Mann–Whitney U test was used between
groups, Wilcoxon signed rank-sum test, case/control asso-
ciation analysis, and chi-square test were used before and
after the group, and the difference was statistically significant
(p< 0.05).

3. Results

3.1. Patient Enrollment. A total of 150 women were assessed
for eligibility in the trial. However, fifteen patients did not
meet the inclusion criteria and twelve patients met the
exclusion criteria (Figure 1). Finally, 123 patients were
randomly assigned to either the intervention group (62
cases) or the control group (61 cases). During the three-
month intervention phase, 5 participants in the TG and 1 in
the CG dropped out and 8 participants in the TG and 1 in the
CG got natural conception. In the IVF-ET phase, 2 par-
ticipants (1 was frozen all embryos and 1 was no surviving
embryos) in the TG and 10 (4 were frozen all embryos, 2
were no surviving embryos, 4 were canceled for personal
reasons) in the CG were canceled ET (Figure 1). ,erefore,
108 women completed the three-month intervention phase
(49 in the TG, 59 in the CG). Ninety-six women completed
the follow-up (47 in the TG, 49 in the CG). Recruitment took
place between March 2017 and February 2020. ,e TG and
the CGwere comparable in baseline demographics (Table 1).
As for the outcomes of ovarian stimulation and embryo
culture, the A-type endometrial pattern (EMP) on the hCG
day was significantly higher in the TG (p� 0.033), and there
were no significant differences between TG and CG
(p> 0.05) regarding several mature ova, several D3 embryos,
and stage of embryo transferred (Table 2). ,e mean (SD)
age of the participants was 30.9 (4.02) years. 24.2% of women
in the TG, and 23.0% in the CG were diagnosed with
unexplained RIF.

3.2. :e Pregnancy Outcomes after IVF-ET. As the primary
outcome, CPR was significantly higher in the TG than in the
CG (28 of 62 [45.2%] in the TG vs. 16 of 61 [26.2%] in the
CG; relative risk: 1.72; 95% CI: 1.04–2.85; p � 0.029) (Ta-
ble 3). Among the second outcomes of pregnancy, natural
pregnancy rate and ongoing pregnancy rate were also sig-
nificantly higher in the TG than in the CG (Table 3). ,ere
was a trend suggesting that the CAM therapy may perform
more successfully in avoiding biochemical miscarriage (RR:
0.318; 95% [CI]: 0.09–1.10, p � 0.052). However, the rates of
conception per woman, clinical pregnancy per IVF cycles,
clinical pregnancy per ET cycles, and clinical pregnancy loss
were similar between the two groups (Table 3).

For the post-hoc outcomes in clinical pregnancy, the
best-case sensitivity analysis found significant improved
differences in the TG than the CG (RR: 2.15; 95% CI:
1.34–3.46; p< 0.001), whereas the worst-case sensitivity

analysis found no difference (RR: 1.02; 95% confidence
interval (CI): 0.69–1.51; p � 0.92) (Table 3). Moreover, we
did not determine any side effects associated with CAM
treatment.

3.3. :e Expression Levels of :1 (IL-2, IFN-c), :2 (IL-4, IL-
10), and Treg (Foxp3) in Peripheral Blood. For unexplained
RIF, subgroup analysis was analyzed between the two
groups, CPR was significantly higher in the TG than in the
CG (9 of 15 [60.0%] in the TG vs. 3 of 14 [21.4%] in the CG;
p � 0.035) (Figure 2(a)). Nineteen blood samples (9 from
the TG and 10 from the CG) of unexplained RIF were
collected from the two groups, respectively (5 patients in the
TG and 4 patients in the CG refused blood sampling) for
flow cytometry and the ELISA test. One sample in the TG for
flow cytometry becomes hemolysis. When serum data were
analyzed before and after the intervention, there were
variations in different T lymphocyte expressions. Based on
our observations on the flow cytometry outcome of PBMC,
there were significant differences in ,2/,1, and Treg
expressions in the TG than in the CG after the intervention
(i.e., ,2/,1 13.18± 7.15 vs. 7.22± 3.52, TG vs. CG after the
intervention, p< 0.05) (Table 4, Figures 2(b) and 2(c)).
Moreover, based on the observation of ELISA, IL-2, IL-10,
and Foxp3 were significantly higher in the TG than in the
CG after the intervention (i.e., Foxp3 220.66± 82.2 vs.
208.66± 91.36, the TG vs. the CG, after the intervention,
p< 0.05) (Table 5).

3.4. Maternal Child Health Outcomes during the Perinatal
Period. ,e perinatal outcomes of 41 pregnant women (28
in the TG and 13 in the CG) and 56 neonatal outcomes were
obtained by the follow-up (natural conceptions were in-
cluded). ,ere was no significant difference in the Down’s
syndrome-related screening, the pregnancy-related com-
plications and idiopathic diseases, and delivery, postpartum
condition, and related complications. And the basic char-
acteristics of newborns, neonatal complications, and neo-
natal development in 3 months and 1 year were similar
between the two study groups (p> 0.05) (Tables 6 and 7).

4. Discussion

In this single-center, randomized trial involving 123 patients
diagnosed with RIF who underwent IVF-ET, our study
demonstrates that CAM therapy (ZYF with auricular acu-
pressure) is efficient and safe in improving the pregnancy
outcomes of RIF women who is undergoing IVF-ET, in-
cluding the clinical pregnancy rate and ongoing pregnancy
rate. ,e balance of the immune system during embryo
implantation is considered to be based on the change of T
lymphocyte expression in unexplained RIF women. We
believe this is the first time to evaluate the efficacy and
maternal and child health of the CAM therapy (ZYF with
auricular acupressure) for the RIF and a correlation between
serum T lymphocyte expression and the use of the CAM
therapy in IVF cycles has been reported.
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About 1∼3% of women experience early recurrent im-
plantation failure; about 50% of patients are associated with
unexplained RIF [21–23]. Many studies have found that the
cytokine balance of ,1/,2/,17/regulatory T cells (Treg)
plays an important role in the maintenance of embryo
implantation and normal pregnancy, especially for un-
explained RIF [23]. ,e disorder of the cytokine balance will

lead to repeated implantation failure and recurrent abortion.
,1 cells secrete a variety of cytokines, mainly interleukin
(IL)-2, tumor necrosis factor (TNF)-α, and interferon (IFN)-
c, which mediate cellular immunity and participate in pro-
inflammatory response. ,2 cells mainly secrete IL-4, IL-5,
IL-6, IL-10, and IL-13; mediate humoral immunity;
and participate in maternal and fetal immune tolerance and

150 Patients assessed for eligibility

123 Randomly assigned

27 Ineligible
15 Patients did not meet the inclusion criteria

7 Age > 42
8 Infertility diagnosed with male factor
12 Patients met the exclusion criteria

6 With uterine abnormality
3 Unable to comply with the study protocol

3 Withdrew consent

62 Assigned to the treatment group 61 Assigned to the control group

2 Cancelled embryo transfer
1 Frozen all embryos

1 No surviving embryo

1 Drop out
1 Natural conception

47 Completed embryo transfer 10 Cancelled embryo transfer
4 Frozen all embryos

2 No surviving embryo
4 Other: personal reasons

49 Completed embryo transfer

23 Conception
3 Biochemical miscarriage

20 clinical pregnancy
20 Ongoing pregnancy

0 Clinical pregnancy loss 
0 Ectopic pregnancy 

24 Embryo transfer failure

22 Conception
7 Biochemical miscarriage

15 clinical pregnancy
12 Ongoing pregnancy

3 Clinical pregnancy loss 
0 Ectopic pregnancy 

27 Embryo transfer failure

5 Drop out
8 Natural conception

47 Analyzed 49 Analyzed

Figure 1: CONSORT 2010 flow diagram.

Table 1: Baseline characteristics of trial participants.

Characteristics, mean (SD) TG (n� 62) CG (n� 61) P-value
Age (year) 30.90± 4.02 30.87± 4.26 0.91
BMI (kg/m2) 21.32± 2.66 21.66± 4.22 0.35
Infertility history (year) 4.47± 2.99 4.70± 2.91 0.64
,e baseline of ovarian function, mean (SD)
FSH (IU/L) 6.39± 1.13 6.43± 1.10 0.90
LH (IU/L)) 5.05± 1.25 4.81± 1.34 0.31
Estradiol (pmol/L) 47.22± 13.52 45.35± 13.75 0.42
AFC in both ovaries 15.19± 3.92 15.43± 3.93 0.74

Infertility diagnosis, n (%)
Anovulation 4/62 (6.5) 4/61 (6.6) 0.63
Endometriosis 5/62 (8.2) 5/61 (8.2) 0.62
Tubal 4/62 (6.5) 4/61 (6.6) 0.63
Immunologic derangement 5/62 (8.1) 6/61 (9.8) 0.49
Unexplained 15/62 (24.2) 14/61 (23.0) 0.52
More than two factors 29/62 (46.8) 28/61 (45.9) 0.53

Values are mean± SD or n (%). ,ere were no significant differences between groups (P> 0.05) in any of the baseline characteristics.
FSH� follicle-stimulating hormone. LH� luteinizing hormone. AFC�Antral follicle count.
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anti-inflammatory response. Treg cells mainly secrete IL-10,
IL-35, and transforming growth factor (TGF)-β, which
participate in maternal and fetal immune tolerance and
maintain normal pregnancy. ,1/,2/,17/Treg cytokines
can affect the maternal immune system, regulate the an-
giogenesis of the maternal-fetal interface, and play an im-
portant role in all stages of pregnancy [7].

According to the TCM theory, RIF is associated with
kidney essence deficiency, liver stagnation, and blood stasis
[24, 25]. ,erefore, improving the physical condition of the
kidney, liver, and bloodmay improve the pregnancy outcomes
of RIF. Significant efficacy has been demonstrated for sub-
fertile women by Chinese herbs [25, 26] and acupuncture
[12, 27]. ,e ZYF is composed of Tu Sizi (Cuscuta chinensis
Lam.), Fu Penzi (Rubus idaeus L.), Gou Qizi (Lyciumchinense
Mill.), Chai Hu (Bupleurum chinense, Bai Shao (Cynanchum
otophyllum), Zhi Ke (Poncirus trifoliata (L.) Raf), Dang Gui

(Angelica sinensis (Oliv.) Diels), Chuan Xiong (Ligusticum
chuanxiong Hort.), Shu Dihuang (Rehmannia glutinosa
(Gaert.) Libosch. ex Fisch. et Mey.), and Zhi Gancao (Gly-
cyrrhiza uralensis Fisch.), which are classic herbs in nourishing
the kidney, smoothing the liver, and circulating the blood to
improve the CPR. Moreover, searching the HERB database of
the herbs, ellagic acid, astragalin, acteoside, ferulic acid, and
gallic acid were considered the most relative bioactive mol-
ecules for RIF (based on the gene target degree, Figure 3(a)),
which are essential for the development of the embryo, such as
astragalin and ferulic acid can regulate the balance the
immune-related signaling way to suppress anti-inflammatory
in uterine [28]. However, excessive amounts of ellagic acid
(dose >1208mg/kg b.w.) will induce abortion (Table 8).

Our findings of ZYF with auricular acupressure in
regulating the process of immune tolerance during embryo
transfer verified the network pharmacology analysis. Based

Table 3: Comparison of the pregnancy outcomes∗.

Items TG (n� 62) CG (n� 61)
Relative risk in
TG vs. CG
(95% CI)

p-value

,e primary outcome
Clinical pregnancy rate 28/62 (45.2) 16/61 (26.2) 1.72 (1.04–2.85) 0.02

,e second outcomes
Natural pregnancy rate 8/62 (12.9) 1/61 (1.6) 7.78 (1.05–61.06) 0.04
Conception rate 31/62 (50.0) 23/61 (37.7) 1.33 (0.88–1.99) 0.17
Clinical pregnancy per IVF cycles 20/49 (40.8) 15/59 (25.4) 1.61 (0.93–2.79) 0.08
Clinical pregnancy per ET cycles 20/47 (42.6) 15/49 (30.6) 1.39 (0.81–2.38) 0.22
Ongoing pregnancy rate 28/47 (59.6) 13/49 (26.5) 1.60 (1.08–2.33) 0.004

Live birth rate 28/47 (59.6) 13/49 (26.5) 0.24 (0.10–0.58) 0.001
Singleton 23/47 (48.9) 12/49 (24.5) 2.96 (1.24–7.03) 0.01
Twin 4/47 (8.5) 1/49 (2.0) 4.47 (0.48–41.51) 0.20
Triplet 1/47 (2.1) 0/49 (0) — 0.49

Pregnancy loss
Biochemical miscarriage rate 3/31 (9.7) 7/23 (30.4) 0.318 (0.09–1.10) 0.05
,e clinical pregnancy loss rate 0/31 (0.0) 3/23 (13.0) — 0.14
Ectopic pregnancy rate 0/31 (0.0) 0/23 (0.0) — —

Post-hoc sensitivity analysis
Best case for TCM¶ 35/62 (56.5) 16/61 (26.2) 2.15 (1.34–3.46) <0.001
Worst case for TCM§ 28/62 (45.2) 27/61 (44.3) 1.02 (0.69–1.51) 0.92

∗Natural conception was calculated. ¶Assuming all unknown events in the treatment group were positive, and those in the control group were negative. §
Assuming none of the women with missing data in the treatment group became pregnant, and all of the women with missing data in the control group did
become pregnant. Values are mean± SD or n(%). ,e definition and calculation of indicators are shown in Table S7.

Table 2: Outcomes of ovarian stimulation and embryo transfer.

Items TG (n� 49) CG (n� 59) P-value
No. of mature ovum retrieved 13.38± 4.11 12.15± 4.01 0.12
No. of D3 embryos 6.27± 2.08 6.19± 2.45 0.85
Stage of embryo transferred
Blastocyst transfer∗ 38/47 (80.9) 39/49 (79.6) 0.88Cleavage-stage embryo transfer∗ 9/47 (19.2) 10/49 (20.4)

Endometrial parameters (on hCG day)
Endometrial thickness 10.60± 2.05 10.14± 2.05 0.25
Endometrial pattern (A%) 30/49 (61.2) 24/59 (40.7) 0.03

∗Two patients in the TG were canceled for embryo transfer (1 for frozen all embryos and 1 for no surviving embryo); 10 in the CG were canceled for embryo
transfer (4 for frozen all embryos, 2 for no surviving embryos, and 4 for other reasons). Values are mean± SD or n(%).
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on the network pharmacology of ZYF for RIF, KEGG
pathway enrichment showed that the T-cell receptor
pathway, ,1, and ,2 cell differentiation are prominent

pathways (Figure 3(b), Table S6). Furthermore, IL-4, IL-10,
HLA-DQA1, NF-κB, and ANXA1 signal pathway genes are
enriched in large numbers, which are the key pathways for
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Figure 2: ,e differential expression analysis of unexplained RIF on ,1, ,2, and Treg between the TG and the CG. (a) ,e clinical
pregnancy outcome between the TG and the CG. (“+” means successful clinical pregnancy, red square means agreed to the blood test. 9 of 15
[60.0%] in the TG vs. 3 of 14 [21.4%] in the CG; p � 0.035); (b) ,1, ,2 flow cytometry profiles; (c) Treg flow cytometry profiles. ,e
abscissa represents the fluorescence signal and the ordinate represents the number of cells.

Table 4: Serum of T lymphocyte by flow cytometry.

Items
Treatment group (n� 9) Control group (n� 10)

Baseline After intervention Baseline After intervention
,1 expression, % parent 14.62± 7.48‡ 11.83± 2.28 21.15± 9.83 16.79± 7.85‡
,2 expression, % parent 1.40± 1.11‡ 1.53± 0.95‡ 1.23± 0.70 ‡ 1.21± 0.68‡
,2/,1 expression, % parent 9.23± 6.05‡ 13.18± 7.15∗# 6.07± 3.11 7.22± 3.52
Treg expression, % parent 5.46± 1.27 7.87± 1.75∗# 5.4± 1.83 5.89± 1.54
‡,e data showed a skewed distribution, the Mann-WhitneyU test was used for comparison between groups, and theWilcoxon signed-rank test was used for
comparison before and after treatment within groups; ∗p< 0.05, TG vs. CG (after intervention); #p< 0.05, ##p< 0.01, TG (after intervention) vs. TG
(baseline). Values are mean± SD.

Table 5: T lymphocyte-related factor by ELISA.

Items
Treatment group (n� 10) Control group (n� 10)

Baseline After intervention Baseline After intervention
IL-2 (,1 secreted factor), pg/ml 208.15± 55.34 151.24± 52.58∗# 187.07± 50.41 192.61± 61.97
IFN-c (,1 secreted factor), pg/ml 249.00± 59.74 177.93± 65.57## 240.19± 44.13‡ 264.09± 54.45
IL-4 (,2 secreted factor), pg/ml 17.24± 8.81 27.13± 10.99## 18.52± 14.25 19.97± 11.83‡
IL-10 (,2 secreted factor), pg/ml 37.11± 15.13 61.66± 21.31 ∗## 32.99± 14.20 33.5± 11.20
Foxp3 (Treg regulatory factor), pg/ml 192.05± 89.74‡ 220.66± 82.2‡∗# 196.99± 67.08 208.66± 91.36‡
‡,e data showed a skewed distribution, the Mann–WhitneyU test was used for comparison between groups, and theWilcoxon signed-rank test was used for
comparison before and after treatment within groups; ∗p< 0.05, TG vs. CG (after intervention); #p< 0.05, ##p< 0.01, TG vs. TG (baseline); values are
mean± SD.
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ZYF to treat RIF, as shown in Figure 3(c). ,ere is a close
synergy between key pathways, which can regulate the key
biological processes of maternal-fetus balance during the
embryo implantation, especially for immune regulation and
other related targets.

Pregnancy is a physiological process greatly dependent
on immune tolerance. In our study, the results of a higher

level of ,2/,1 and Treg expression compared with the
control group are consistent with the improvement of
pregnancy outcomes. Furthermore, the secretion of IL-2
(produced by ,1) was decreased. IL-10 (produced by
,2) and Foxp3 (produced by Treg) were increased in the
TG than in the CG. T lymphocytes play a critical role in
regulating the immune response and maintaining immune

Table 6: Perinatal outcomes.

Items TG (n� 28) CG (n� 13)
Relative risk in
TG vs. CG
(95% CI)

p-value

Down’s syndrome-related screening
Nuchal Translucency (NT) 1/28 (3.6) 0/13 (0.0) — 0.49
Oscar test 0/17 (0.0) 0/9 (0.0) — —
Noninvasive DNA examination 0/14 (0.0) 0/11 (0.0) — —
Amniocentesis 0/3 (0.0) 0/1 (0.0) — —

Pregnancy-related complications and idiopathic diseases
Placenta previa 1/28 (3.6) 0/13 (0.0) — 0.49
Oligohydramnios 1/28 (3.6) 1/13 (7.7) 0.44 (0.26–7.71) 0.54
Premature rupture of membranes (PROM) 3/28 (10.7) 2/13 (15.4) 0.66 (0.96–4.52) 0.64
Gestational diabetes 3/28 (10.7) 2/13 (15.4) 0.66 (0.96–4.52) 0.64
Gestational hypertension 2/28 (7.1) 1/13 (7.7) 0.92 (0.76–11.20) 1.00
Intrahepatic cholestasis of pregnancy (ICP) 2/28 (7.1) 1/13 (7.7) 0.92 (0.76–11.20) 1.00
Pregnancy anemia 1/28 (3.6) 2/13 (15.4) 0.92 (0.76–11.20) 0.23
,rombocytopenia during pregnancy 1/28 (3.6) 0/13 (0.0) — 1.00
Pregnancy with thyroid disease 2/28 (7.1) 1/13 (7.7) 0.92 (0.76–11.20) 1.00

Delivery, postpartum condition, and related complications
Gestational week of delivery, week 37.50± 1.09 37.00± 1.08 —
Vaginal delivery, n (%) 6/28 (21.4) 2/13 (15.4) 1.50 (0.26–8.69) 1.00
Cesarean section, n (%) 22/28 (78.6) 11/13 (85.6) 0.67 (0.12–3.86) 1.00
Adherent placenta, n %) 1/28 (3.6) 0/13 (0.0) — 1.00
Abnormal lochia, n (%) 6/28 (21.4) 3/13 (23.1) 0.91 (0.19–4.39) 1.00
Oligogalactia, n (%) 4/28 (14.3) 2/13 (15.4) 0.92 (0.15–5.78) 1.00

Values are mean± SD or n (%).

Table 7: Neonatal outcomes.

Items
TG CG

Boys (n� 19) Girls (n� 15) Boys (n� 10) Girls (n� 4)
Basic characteristics of newborn
Birth weight, kg 3.23± 0.21 3.16± 0.34 3.21± 0.24 3.06± 0.28
Birth height, cm 50.68± 3.40 49.63± 3.17 49.30± 3.44 48.25± 4.44
Birth deformity, no. (%) 0/19 (0.0) 0/15 (0.0) 0/10 (0) 1/4 (25.0)
Apgar score ＜7 0/19 (0.0) 1/15 (6.7) 0/10 (0) 0/4 (0)

Neonatal complications
Jaundice of the newborn, no. (%) 2/19 (10.5) 2/15 (13.3) 2/10(20.0) 1/4(25.0)
Pneumonia of the newborn, no. (%) 1/19 (5.3) 1/15 (6.7) 0/10 (0) 0/4 (0)
Hypoglycemia of the newborn, no. (%) 2/19 (10.5) 1/15 (6.7) 1/10(10.00) 0/4 (0)

Neonatal development
Weight after 3 months, kg 5.93± 0.69 6.03± 0.62 6.23± 0.50 5.83± 0.47
Weight after 1 year, kg 9.91± 1.80 9.35± 1.13 9.70± 0.71 9.20± 0.83
Height after 3 months, cm 60.74± 2.63 61.07± 2.24 61.30± 2.24 61.50± 0.50
Height after 1 year, cm 78.53± 4.30 76.73± 4.63 75.50± 3.26 77.25± 5.85
History of pneumonia, no. (%) 1/19 (5.3) 1/15 (0.0) 1/10 (10.0) 0/4 (0.0)
History of diarrhea, no. (%) 1/19 (5.3) 0/15 (0.0) 2/10 (20.0) 0/4 (0.0)
History of other diseases, no. (%) 2/19 (10.5) ‡ 0/15 (0.0) 0/10 (0.0) 1/4 (25.0)¶

Follow-up for 1 year for perinatal outcomes in successfully delivered infants, data are n(%), mean (SD), or n/N(%). ‡One person died unexpectedly, and the
other one suffered from renal failure; ¶diagnosed with congenital heart disease.
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tolerance both physiological and pathological during em-
bryo implantation [53]. Recent studies have shown that
pregnancy is a process of mutual conversion between pro-
inflammatory and anti-inflammatory conditions [54, 55].
,e status of pregnancy was divided into three distinct
immunological stages: at the first beginning of ET, a pro-
inflammatory stage is performed [56]; in the second status,
for fetal growth, an anti-inflammatory-oriented stage is
performed [57, 58]; and third, an anti-inflammatory status
switched to a pro-inflammatory stage for the initiation of
labor [59]. Some studies have demonstrated in RIF patients,
a predominant ,2/Treg immunity (which produces anti-
inflammatory cytokines) underlies normal pregnancy [54],
whereas a predominant,1 immunity (which produces pro-
inflammatory cytokines) has been observed in women with
recurrent miscarriage [60]. Accordingly, the balance of ,2/
,1 and the shift from pro-inflammatory to anti-
inflammatory status has been linked to positive pregnancy
outcomes in those undergoing IVF [61], which is also im-
portant for RIF in the early stage of ET.

In agreement with previous studies [10], we demon-
strated no side effects of the CAM therapy in infertile
women who underwent IVF-ET. In addition, our findings
suggest that CAM therapy has no increased risk of ma-
ternal and child health in treating RIF who underwent
IVF-ET. According to the Society of Assisted Re-
productive Technologies (SARTs) reporting guidelines,
the perinatal outcomes (Down syndrome and pregnancy
or delivery-related complications and idiopathic diseases)
and the neonatal outcomes (birth weight, Apgar score,
and neonatal complications) were obtained by follow-up
during the pregnancy, and three months and 1 year after
born. Furthermore, the safety of the CAM therapy is
demonstrated with durable effects 1 year after giving birth.
To our best knowledge, several large epidemiological
studies [62, 63] have concerned about the perinatal
outcomes such as preterm delivery and low birth weight of
the ART-conceived infants without inconsistent results.
However, enough follow-up needs more observation,
especially for CAM therapy.

�1 and �2 cell differentiation pathway
T cell receptor signaling pathway

Positive regulation of T cell activation

Regulation of T cell activation

Regulation of T cell differentiation

(c)

Figure 3: Previous work of the network pharmacology on the regulation of RIF by ZYF. (a) ,e core active ingredients of ZYF. ,e green
rectangle displays the picture of each herb of the ZYF with a number label; the grey bars display the name of the core ingredients of each herb
marked with the herb label. ,e upper box displays the gene target degree and the relative content of the core ingredients with RIF (higher
degree means more relevant); (b) the bubble diagram exhibiting the pathways for the intersected target proteins. ,e vertical axis represents
the pathway name, while the horizontal axis shows the enrichment gene number.,e larger the ratio of enriched genes to the total genes, the
larger the dot size is. (c) “Target-pathway” network diagram. ,e circles represent the signal pathway genes, while the colors of the circles
represent the pathway name.

10 Evidence-Based Complementary and Alternative Medicine



Ta
bl

e
8:

To
xi
co
lo
gi
ca
la

nd
pr
eg
na
nc
y-
re
la
te
d
ph

ar
m
ac
ol
og
ic
al

re
po

rt
s
of

co
re

ZY
F
ac
tiv

e
in
gr
ed
ie
nt
s.

ZY
F
co
re

in
gr
ed
ie
nt
s

Re
po

rt
on

to
xi
ci
ty
-r
el
at
ed

eff
ec
ts

of
ZY

F
in
gr
ed
ie
nt
s∗

Fr
on

tie
r
re
po

rt
on

th
e
ph

ar
m
ac
ol
og
ic
al

eff
ec
ts

of
ZY

F
on

pr
eg
na
nc
y

C
hl
or
og
en
ic

ac
id

In
tr
ap
er
ito

ne
al

in
je
ct
io
n
(ip

)
of

ov
er

4
g/
kg

b.
w
.m

ay
ca
us
e
de
at
h
in

ra
ts
;

in
je
ct
io
n
of

ov
er

40
m
g/
kg

5–
12

da
ys

af
te
r
co
nc
ep
tio

n
m
ay

le
ad

to
ab
no

rm
al

de
ve
lo
pm

en
t
of

th
e
fe
ta
lm

us
cu
lo
sk
el
et
al

sy
st
em

C
hl
or
og
en
ic

ac
id

(5
0
μm

ol
/L
)
su
pp

le
m
en
ta
tio

n
ca
n
im

pr
ov
e
th
e
m
at
ur
at
io
n,

fe
rt
ili
za
tio

n,
an
d
de
ve
lo
pm

en
to

fo
oc
yt
es
,a
nd

im
pr
ov
e
th
e
qu

al
ity

of
em

br
yo
ni
c

de
ve
lo
pm

en
t
an
d
el
ec
tr
op

or
at
io
n-
tr
ea
te
d
em

br
yo
s
[2
9]

El
la
gi
c
ac
id

In
je
ct
io
n
of

ex
ce
ss
iv
e
am

ou
nt
s
of

el
la
gi
c
ac
id

(d
os
e
>1

20
8
m
g/
kg

b.
w
.)
in
du

ce
d

ab
or
tio

n
af
te
r
16

da
ys

of
ge
st
at
io
n
in

fe
m
al
es
,w

ith
sp
ec
ifi
c
de
ve
lo
pm

en
ta
l

ab
no

rm
al
iti
es

in
th
e
bl
oo

d
an
d
ly
m
ph

at
ic

sy
st
em

s

El
la
gi
c
ac
id

(1
0
μM

)
pr
ot
ec
ts

ze
br
afi
sh

em
br
yo
ni
c
de
ve
lo
pm

en
t
fr
om

ox
id
at
iv
e

D
N
A

da
m
ag
e,
im

pr
ov
es

em
br
yo

su
rv
iv
al
,a

nd
im

pr
ov
es

m
or
ph

ol
og
ic
al

pa
ra
m
et
er
s
in

la
rv
ae

in
vi
tr
o
[3
0]
;e
lla
gi
c
ac
id

(6
0
m
g/
kg
)s
ho

w
s
an
ti-
se
ne
sc
en
ce

pr
ot
ec
tio

n
in

ra
te

m
br
yo
ni
c
fib

ro
bl
as
ts

[3
1]

H
yp
er
os
id
e

N
o
re
le
va
nt

to
xi
co
lo
gi
ca
lr
ep
or
ts

ha
ve

be
en

pu
bl
ish

ed

H
yp
er
os
id
e
(4
0
m
g/
kg

b.
w
.)
ca
n
re
du

ce
pr
eg
na
nc
y
lo
ss

in
an
tic
ar
di
ol
ip
in

an
tib

od
y-
po

sit
iv
e
ra
ts

by
re
gu
la
tin

g
th
e
m
ec
ha
ni
st
ic

ta
rg
et

of
ra
pa
m
yc
in

(m
TO

R)
/S
6K

an
d
To

ll-
lik

e
re
ce
pt
or

(T
LR

)-
4/
M
yD

88
/n
uc
le
ar

fa
ct
or
-k
ap
pa

B(
N
F-
κB

)
sig

na
lin

g
pa
th
w
ay
s
[3
2]
.

Is
oq

ue
rc
itr
in

D
et
ai
ls
of

to
xi
c
eff
ec
ts
ha
ve

no
tb

ee
n
re
po

rt
ed

ot
he
rt
ha
n
a
le
th
al
do

se
va
lu
e
(r
at
,

ip
>5

g/
kg

b.
w
.)

Is
oq

ue
rc
itr
in

(1
00

m
g/
kg

b.
w
.)
al
le
vi
at
es

ni
tr
os
at
io
n,

ox
id
at
io
n,

an
d
en
do

pl
as
m
ic

re
tic
ul
um

st
re
ss

by
in
hi
bi
tin

g
ni
tr
ic

ox
id
e
sy
nt
ha
se

(N
O
S)
-2

an
d
in
cr
ea
sin

g
th
e

ex
pr
es
sio

n
of

su
pe
ro
xi
de

di
sm

ut
as
e
(S
D
)-
1,

to
tr
ea
tn

eu
ra
lt
ub

e
de
fe
ct
s
in

em
br
yo
s
of

di
ab
et
ic

m
ot
he
rs

[3
3]

A
ct
eo
sid

e
D
et
ai
ls
of

to
xi
c
eff
ec
ts
di
d
no

tr
ep
or
to

th
er

th
an

a
le
th
al
do

se
va
lu
e
(r
at
,o
ra
l(
po

)
>5

g/
kg

b.
w
.)∗

,
e
ad
di
tio

n
of

ac
te
os
id
e
(1
0～

50
μM

)
du

ri
ng

in
vi
tr
o
m
at
ur
at
io
n
(I
V
M
)

in
cr
ea
se
s
th
e
bl
as
to
cy
st
fo
rm

at
io
n
ra
te

an
d
sig

ni
fic
an
tly

re
du

ce
s
re
ac
tiv

e
ox
yg
en

sp
ec
ie
s
(R
O
S)
.F

ur
th
er
m
or
e,
in

ac
te
os
id
e-
tr
ea
te
d
oo

cy
te
s,
cy
to
pl
as
m
ic

m
at
ur
at
io
n
is
im

pr
ov
ed

an
d
m
ito

ch
on

dr
ia

an
d
lip

id
dr
op

le
ts

ar
e
ev
en
ly

di
st
ri
bu

te
d
th
ro
ug
ho

ut
th
e
cy
to
pl
as
m

[3
4]

A
st
ra
ga
lin

N
o
re
le
va
nt

to
xi
co
lo
gi
ca
lr
ep
or
ts

ha
ve

be
en

pu
bl
ish

ed
A
st
ra
ga
lin

(1
00

μg
/m

L)
ov
er

re
gu
la
te
s
th
e
N
F-
κB

/m
ito

ge
n-
ac
tiv

at
ed

pr
ot
ei
n

ki
na
se
(M

A
PK

)s
ig
na
lin

g
pa
th
w
ay

to
su
pp

re
ss
in
fla
m
m
at
or
y
re
sp
on

se
si
n
m
ur
in
e

Le
pt
os
pi
ra
-in

fe
ct
ed

ut
er
in
e
an
d
en
do

m
et
ri
al

ep
ith

el
ia
lc

el
ls
[3
5]

K
ae
m
pf
er
ol

K
ae
m
pf
er
ol

at
a
do

se
of

25
m
g/
lc
an

in
du

ce
m
ut
at
io
ns

in
m
am

m
al
ia
n
(h
am

st
er

ov
ar
y)

so
m
at
ic

ce
lls

K
ae
m
pf
er
ol

(0
.1
μM

)
im

pr
ov
es

em
br
yo
ni
c
de
ve
lo
pm

en
t
by

in
hi
bi
tin

g
ox
id
at
iv
e

st
re
ss

in
po

rc
in
e
oo

cy
te
s
an
d
re
du

ci
ng

ap
op

to
sis

[3
6]
;k

ae
m
pf
er
ol

(0
.0
5～

1
μM

)
re
du

ce
s
m
ito

ch
on

dr
ia
ld

ys
fu
nc
tio

n
an
d
ab
no

rm
al

ox
id
at
iv
e
st
re
ss

in
du

ce
d
by

H
2O

2
du

ri
ng

em
br
yo
ni
c
de
ve
lo
pm

en
t
[3
7]

Sa
ik
os
ap
on

in
D

D
et
ai
ls
of

to
xi
c
eff
ec
ts

w
er
e
no

tr
ep
or
te
d
ot
he
r
th
an

a
le
th
al

do
se

va
lu
e
(ip
>

15
30

m
g/
kg

b.
w
.)

Sa
ik
os
ap
on

in
D

(5
～

50
m
g/
kg

b.
w
.)
ha
s
a
w
ea
k
es
tr
og
en
-li
ke

eff
ec
ti
n
vi
vo

an
d

m
ay

be
a
po

te
nt
ia
lp

la
nt

es
tr
og
en

[3
8]
;i
ts

re
gu
la
to
ry

eff
ec
to

n
re
pr
od

uc
tiv

e
di
se
as
es

is
no

tc
le
ar

Pa
eo
ni
flo

ri
n

Ex
ce
ss
iv
e
in
ta
ke

of
pa
eo
ni
flo

ri
n
ca
n
le
ad

to
sle

ep
be
ha
vi
or
s
in

m
ic
e
(ip
>

35
30

m
g/
kg

b.
w
.)

Pa
eo
ni
flo

ri
n
(8
m
g/
kg

b.
w
.)
ca
n
en
ha
nc
e
en
do

m
et
ri
al

re
ce
pt
iv
ity

of
lu
te
al

in
su
ffi
ci
en
cy

(R
U
48
6-
in
du

ce
d
m
od

el
)
m
ic
e
th
ro
ug
h
th
e
le
uk

em
ia

in
hi
bi
to
ry

fa
ct
or

[3
9]
;P

ae
on

ifl
or
in

(6
0
m
g/
kg

b.
w
.)
ca
n
al
so

im
pr
ov
e
de
pr
es
sio

n-
lik

e
be
ha
vi
or

in
off

sp
ri
ng

of
pr
en
at
al
ly

st
re
ss
ed

m
ot
he
rs

by
re
st
or
in
g

hy
po

th
al
am

ic
–p

itu
ita

ry
–a
dr
en
al

(H
–P

-A
)
ax
is
an
d
gl
uc
oc
or
tic
oi
d
re
ce
pt
or

re
la
te
d
dy
sf
un

ct
io
n
[4
0]

N
ar
in
gi
n

Ex
ce
ss
iv
e
na
ri
ng

in
us
e
in

gu
in
ea

pi
gs

is
le
th
al

w
he
n
na
ri
ng

in
ad
m
in
ist
ra
tio

n
re
ac
he
s
12
50

m
g/
kg

b.
w
.p

er
da
y;

ra
ts

ex
pe
ri
en
ce

w
ei
gh

t
lo
ss
,e
tc
.N

ar
in
gi
n

ov
er
do

se
in

gu
in
ea

pi
gs

is
le
th
al

(ip
>2

g/
kg

b.
w
.)

,
e
bi
-d
ir
ec
tio

na
lr
eg
ul
at
or
y
fu
nc
tio

ns
of

na
ri
ng

in
’s
es
tr
og
en
ic

an
d

an
ti-
es
tr
og
en
ic

ac
tiv

iti
es

m
ay

pr
es
en
td

el
et
er
io
us

di
st
ur
ba
nc
es

to
en
do

cr
in
e

re
gu
la
tio

n
in

w
om

en
.H

ow
ev
er
,i
tw

as
re
po

rt
ed

th
at
na
ri
ng

in
do

es
re
du

ce
fe
rt
ili
ty

or
ca
us
ee

ar
ly
em

br
yo
ni
cd

ev
el
op

m
en
ta
lt
ox
ic
ity

ev
en

w
he
n
th
ei
nt
er
ve
nt
io
n
do

se
re
ac
he
d
12
50

m
g/
kg

b.
w
.i
n
ra
ts

[4
1]

Evidence-Based Complementary and Alternative Medicine 11



Ta
bl

e
8:

C
on

tin
ue
d.

ZY
F
co
re

in
gr
ed
ie
nt
s

Re
po

rt
on

to
xi
ci
ty
-r
el
at
ed

eff
ec
ts

of
ZY

F
in
gr
ed
ie
nt
s∗

Fr
on

tie
r
re
po

rt
on

th
e
ph

ar
m
ac
ol
og
ic
al

eff
ec
ts

of
ZY

F
on

pr
eg
na
nc
y

H
es
pe
ri
di
n

D
et
ai
ls
of

to
xi
c
eff
ec
ts
ar
e
no

tr
ep
or
te
d
ot
he
rt
ha
n
a
le
th
al
do

se
va
lu
e
(ip
>
1
g/
kg

b.
w
.)

A
po

te
nt
ia
lp

re
ve
nt
iv
e
eff
ec
to

fh
es
pe
ri
di
n
(5
0
m
g/
kg

b.
w
.)
on

fo
rm

al
de
hy
de

(2
m
g/
kg

b.
w
.)
to
xi
ci
ty

w
as

fo
un

d
in

pr
eg
na
nt

ra
ts

[4
2]
;t
he

us
e
of

he
sp
er
id
in

(1
m
g/
kg

b.
w
.)
du

ri
ng

pr
eg
na
nc
y
ha
sa

po
sit
iv
ee

ffe
ct
on

th
er
efl
ex

m
ot
or

be
ha
vi
or

of
m
ou

se
off

sp
ri
ng

,w
hi
ch

m
ay

st
em

fr
om

its
an
tio

xi
da
nt

ac
tiv

ity
[4
3]

Li
qu

ir
iti
n

N
o
re
le
va
nt

to
xi
co
lo
gi
ca
lr
ep
or
ts

ha
ve

be
en

pu
bl
ish

ed
Li
qu

ir
iti
n
an
d
gl
yc
yr
rh
iz
ic

ac
id

(0
.2
～

0.
4
m
g/
m
L)

ca
n
re
sis

tu
te
ri
ne

co
nt
ra
ct
ile

sp
as
m
s
ca
us
ed

by
ox
yt
oc
in

by
in
hi
bi
tin

g
th
e
ph

os
ph

or
yl
at
io
n
of

he
at

sh
oc
k

pr
ot
ei
n
(H

SP
)-
27

[4
4]

G
ly
cy
rr
hi
zi
c
ac
id

G
ly
cy
rr
hi
zi
c
ac
id

do
se
s
>6

62
m
g/
kg

b.
w
.m

ay
ca
us
e
se
iz
ur
es

in
hu

m
an
s.
,

e
le
th
al

do
se

in
m
ic
e
(p
o)

is
>3

g/
kg

b.
w
.

Fe
ru
lic

ac
id

IP
in
je
ct
io
n
of

35
0
m
g/
kg

fe
ru
lic

ac
id

ca
n
ca
us
e
at
ax
ic
be
ha
vi
or
ss
uc
h
as

ri
gi
di
ty

in
m
ic
e;
an

in
tr
av
en
ou

s
do

se
>8

57
m
g/
kg

b.
w
.r
es
ul
te
d
in

m
ou

se
de
at
h

Fe
ru
lic

(4
0～

12
0
μM

)
ac
id

in
hi
bi
ts

N
K
-κ
B
an
d
M
A
PK

pa
th
w
ay
s
an
d
in
hi
bi
ts

lip
op

ol
ys
ac
ch
ar
id
e-
in
du

ce
d
in
fla
m
m
at
io
n
in

en
do

m
et
ri
al

ep
ith

el
ia
lc

el
ls
[2
8]
;

fe
ru
lic

ac
id

(2
0
m
g/
kg

b.
w
.)
pr
ot
ec
ts

pa
nc
re
at
ic

isl
et
s
in

pr
eg
na
nt

di
ab
et
es

ra
ts

in
su
lin

β
ce
ll
[4
5]
.I
tc

an
al
so

im
pr
ov
e
pl
ac
en
ta
li
nfl

am
m
at
io
n
an
d
pa
th
ol
og
ic
al

ap
op

to
sis

in
pr
ee
cl
am

ps
ia

ra
ts

[4
6]

A
m
yg
da
lin

A
n
or
al
do

se
of

am
yg
da
lin
>5

0
m
g/
kg

b.
w
.c
au
se
sn

au
se
a
or

vo
m
iti
ng

in
hu

m
an

in
fa
nt
sa

nd
ev
en

ga
st
ro
in
te
st
in
al
dy
sp
ne
a;
ip

in
je
ct
io
n
do

se
>1

67
m
g/
kg

b.
w
.w

ill
le
ad

to
dr
ow

sin
es
s
or

sig
ni
fic
an
t
w
ei
gh

t
ch
an
ge

in
pr
im

at
es
;i
p
in
je
ct
io
n

>4
05

m
g/
kg

b.
w
.c
au
se
s
m
ou

se
de
at
h

Tr
ea
tm

en
t
of

en
do

m
et
ri
os
is
ra
ts

w
ith

a
co
m
bi
na
tio

n
of

at
or
va
st
at
in

an
d

am
yg
da
lin

(5
m
g/
kg

b.
w
.)
m
od

ul
at
es

th
e
ex
pr
es
sio

n
of

TN
F-
α,

IL
-6
,m

at
ri
x

m
et
al
lo
pr
ot
ei
na
se
s
(M

M
P)
-2

an
d
M
M
P-
9
[4
7]
;a
m
yg
da
lin

is
pa
rt
ic
ul
ar
ly

im
po

rt
an
tf
or

fe
m
al
e
re
pr
od

uc
tio

n
by

m
od

ul
at
in
g
ex
tr
ac
el
lu
la
r
an
d
in
tr
ac
el
lu
la
r

sig
na
lin

g
pa
th
w
ay
s
in
vo
lv
ed

in
se
cr
et
or
y
ac
tiv

ity
,c
el
lv

ia
bi
lit
y,

st
er
oi
do

ge
ne
sis

,
pr
ol
ife
ra
tio

n,
an
d
ap
op

to
sis

[4
8]

C
at
al
po

l
O
ra
lc

at
al
po

la
dm

in
ist
ra
tio

n
>1

0
g/
kg

b.
w
.o

r
in
tr
av
en
ou

s
in
je
ct
io
n
(iv

)
>2

50
0
m
g/
kg

b.
w
.l
ea
d
to

m
ou

se
de
at
h

C
at
al
po

l(
10
～

10
0
m
g/
kg

b.
w
.)
ca
n
in
hi
bi
t
th
e
tr
an
sm

iss
io
n
of

TL
R4

sig
na
ls,

pr
ev
en
tt
he

ex
pr
es
sio

n
of

its
do

w
ns
tr
ea
m

N
F-
κB

/M
A
PK

sig
na
lp

at
hw

ay
,a
nd

sig
ni
fic
an
tly

re
du

ce
th
e
in
fla
m
m
at
or
y
cy
to
ki
ne
s
IL
-1
β,

IL
-6
,T

N
F-
α,

an
d

ch
em

ok
in
es

C
-X

-C
m
ot
if
ch
em

ok
in
e
lig
an
d
(C

X
C
L)
-8

an
d
C
X
C
L-
5,

as
w
el
la

s
m
ye
lo
pe
ro
xi
da
se

(M
PO

)
ac
tiv

ity
of

ut
er
in
e
tis
su
e,
to

im
pl
em

en
t

an
ti-
in
fla
m
m
at
or
y
an
d
pr
ot
ec
tiv

e
eff
ec
ts

on
en
do

m
et
ri
al

tis
su
e
[4
9]

G
al
lic

ac
id

G
al
lic

ac
id
,a
to

ra
ld
os
es
>5

g/
kg

b.
w
.,
ca
us
es
ch
ro
ni
cp

ul
m
on

ar
y
ed
em

at
ou

sl
iv
er

in
ra
bb

its
;s
ub

cu
ta
ne
ou

s
in
je
ct
io
n
at
>5

g/
kg

b.
w
.,
iv
>3

20
m
g/
kg

b.
w
.,
or

>4
30
0
m
g/
kg

b.
w
.i
p
is
le
th
al

in
m
ic
e

Su
bc
ut
an
eo
us

in
je
ct
io
n
of

ga
lli
c
ac
id

(d
os
e
>5

m
g/
kg

b.
w
.)
1
da
y
be
fo
re

th
e

m
at
in
g
of

fe
m
al
e
an
im

al
sc

an
aff

ec
to

va
ry

an
d
fa
llo

pi
an

tu
be

fu
nc
tio

n;
ga
lli
c
ac
id

ca
n
in
hi
bi
tt
he

pr
od

uc
tio

n
of

pr
o-
in
fla
m
m
at
or
y
an
d
la
bo

r-
pr
om

ot
in
g
m
ed
ia
to
rs

re
la
te
d
to

m
yo
m
et
ri
al

co
nt
ra
ct
io
n
an
d
ru
pt
ur
e
of

fe
ta
lm

em
br
an
es
.F

ut
ur
e

pr
ec
lin

ic
al

st
ud

ie
s
m
ay

cl
ar
ify

th
e
effi

ca
cy

of
ga
lli
c
ac
id

in
th
e
pr
ev
en
tio

n
of

in
fla
m
m
at
or
y
pr
et
er
m

bi
rt
h
[5
0]

Li
gu
st
ra
zi
ne

Li
gu
st
ra
zi
ne

or
al

ad
m
in
ist
ra
tio

n
>1

91
0
m
g/
kg

b.
w
.,
ip
>8

00
μg
/k
g
b.
w
.,
or

iv
>

23
9
m
g/
kg

b.
w
.w

ill
le
ad

to
m
ou

se
de
at
h

Li
gu
st
ra
zi
ne

(1
00

m
g/
kg

b.
w
.)
ca
n
de
la
y
th
e
de
ve
lo
pm

en
t
an
d
fib

ro
sis

of
en
do

m
et
ri
os
is
m
ic
e
by

re
du

ci
ng

th
e
pa
th
ol
og
ic
al
ag
gr
eg
at
io
n
of

pl
at
el
et
sa

nd
th
e

pa
th
ol
og
ic
al

ex
pr
es
sio

n
of

ep
ith

el
ia
l-m

es
en
ch
ym

al
tr
an
sit
io
n,

fib
ro
bl
as
t-
to
-m

yo
fib

ro
bl
as
tt
ra
ns
di
ffe
re
nt
ia
tio

n,
an
d
fib

ro
ge
ne
sis

m
ar
ke
rs

[5
1]
;

lig
us
tr
az
in
e
(6
0
m
g/
kg

b.
w
.)
in
du

ct
io
n
re
du

ce
s
pr
ee
cl
am

ps
ia

by
in
hi
bi
tin

g
tr
op

ho
bl
as
ta

ut
op

ha
gy

an
d
pr
om

ot
in
g
its

su
rv
iv
al

an
d
m
ig
ra
tio

n
by

re
gu
la
tin

g
th
e
m
iR
-1
6-
5p

/I
G
F-
2
ax
is
[5
2]

N
ot
e:
to
xi
co
lo
gi
ca
li
nf
or
m
at
io
n
w
ith
∗
w
as

ob
ta
in
ed

fr
om

th
e
Pu

bC
he
m

da
ta
ba
se

(h
ttp

s:/
/p
ub

ch
em

.n
cb
i.n

lm
.n
ih
.g
ov
/)

an
d
th
e
C
H
EM

SR
C

da
ta
ba
se

(h
ttp

s:/
/w

w
w
.c
he
m
sr
c.
co
m
/)
.

12 Evidence-Based Complementary and Alternative Medicine

https://pubchem.ncbi.nlm.nih.gov/
https://www.chemsrc.com/


5. Limitation

,is trial has limitations. First, placebo ZYF and sham
auricular acupressure should be administrated for potential
placebo efficacy. Second, successful pregnancy is a complex
process, and we explore the mechanism based on the net-
work pharmacology only.

6. Conclusion

In conclusion, the CAM therapy (ZYF with auricular acu-
pressure) has achieved the balance of the immune system
during ET for RIF. ,e mechanism may be mediated by
upregulating the expression of Treg and ,2/,1 pattern,
which can help embryo implantation. In addition, con-
cerning the perinatal outcomes and the neonatal outcomes,
the CAM therapy indicated the safety for the RIF women.
For further study, we will screen the main active ingredients
of ZYF in the treatment of RIF and combine metabolomics
with proteomics to fuse various metabolic pathways and
regulatory pathways to jointly elucidate the overall status of
biological systems and construct the expression regulatory
network of the final metabolites in the further study. Finally,
the protocol of three months before IVF-ET might be
a burden to patients in other countries.

Abbreviations

RIF: Recurrent implantation failure
CPR: Clinical pregnancy rate
ART: Assisted reproductive technology
IVF-ET: In vitro fertilization and embryo transfer
COS: Controlled ovarian stimulation
TCM: Chinese traditional medicine
ZYF: Zhuyun formula
ET: Embryo transfer.

Data Availability

All data used to support the finding of the study can be
obtained from the corresponding author upon reasonable
request.

Ethical Approval

,e experimental project was approved by the research
ethics committee of Sichuan Hospital of traditional Chinese
medicine (Approval no. 2016kl-013). All participants gave
informed written consent.

Conflicts of Interest

,e authors declare that they have no conflicts of interest.

Authors’ Contributions

Hang Zhou and Xiaoyan Zheng contributed equally to this
work and should be regarded as the co-first authors.
Wanting Xia and Jinmei Li collected the data. Hang Zhou
and Xiaoyan Zheng conducted a statistical analysis of the

data and contributed to the writing of the manuscript. Hang
Zhou performed flow cytometry analysis. Ma Qianhong has
made important contributions to the completion of the
IVF-ET process. Zeng Qian and Jinzhu Huang designed the
research project and have the final interpretation of the
project. All authors read and approved the final manuscript.

Acknowledgments

We thank all members of the research group of the Science
and Technology Department of Sichuan Province for their
valuable help.,is work was funded jointly by three projects,
which are the project of NSFC (National Science Foundation
of China, Grant no. 82004415), the project of the Science and
Technology Department in Sichuan Province (Grant no.
2020YFSY0043), and the key project of the Science and
Technology Department in Sichuan Province (Grant no.
2019YFS0179).

Supplementary Materials

Trial Protocol (Supplementary material 1). CONSORT 2010
Checklist (Supplementary material 2). (Supplementary
Materials)

References

[1] E. Embryology, Good Clinical Treatment in Assisted Repro-
duction-An ESHRE Position Paper: European Society of Hu-
man Reproduction and Embryology, ESHRE, Belgium, Europe,
2008.

[2] C. Coughlan, W. Ledger, and Q. Wang, “Recurrent im-
plantation failure: definition and management,” Reproductive
BioMedicine Online, vol. 28, no. 1, pp. 14–38, 2014.

[3] Y. Sun, Y. Zhang, X. Ma, W. Jia, and Y. Su, “Determining
diagnostic criteria of unexplained recurrent implantation
failure: a retrospective study of two vs three or more im-
plantation failure,” Frontiers in Endocrinology, vol. 12, Article
ID 619437, 2021.

[4] A. Bashiri, K. I. Halper, and R. Orvieto, “Recurrent Im-
plantation Failure-update overview on etiology, diagnosis,
treatment and future directions,” Reproductive Biology and
Endocrinology, vol. 16, no. 1, p. 121, 2018.

[5] D. Cimadomo, L. Craciunas, N. Vermeulen, K. Vomstein, and
B. Toth, “Definition, diagnostic and therapeutic options in
recurrent implantation failure: an international survey of
clinicians and embryologists,” Human Reproduction (Oxford,
England), vol. 36, no. 2, pp. 305–317, 2021.

[6] H. Zeyneloglu and G. Onalan, “Remedies for recurrent im-
plantation failure,” Seminars in Reproductive Medicine,
vol. 32, no. 04, pp. 297–305, 2014.

[7] J. Y. Cai, Y. Y. Tang, X. H. Deng et al., “Recurrent implan-
tation failure may Be identified by a combination of diagnostic
biomarkers: an analysis of peripheral blood lymphocyte
subsets,” Frontiers in Endocrinology, vol. 13, Article ID
865807, 2022.

[8] N. S. Macklon, “,e true incidence of recurrent implantation
failure,” Current Opinion in Obstetrics & Gynecology, vol. 34,
no. 3, pp. 147–150, 2022.

[9] X. Feng, X. Meng, and S. Guo, “Identification of key genes and
immune cell infiltration in recurrent implantation failure:
a study based on integrated analysis of multiple microarray

Evidence-Based Complementary and Alternative Medicine 13

https://downloads.hindawi.com/journals/ecam/2022/5274638.f1.zip
https://downloads.hindawi.com/journals/ecam/2022/5274638.f1.zip


studies,” American Journal of Reproductive Immunology,
Article ID e13607, 2022.

[10] J. Sun, J. Y. Song, Y. Dong, S. Xiang, and Q. Guo, “Erzhi
tiangui granules improve in vitro fertilization outcomes in
infertile women with advanced age,” Evidence-Based Com-
plementary and Alternative Medicine, vol. 2021, Article ID
9951491, 7 pages, 2021.

[11] S. Dieterle, G. Ying, W. Hatzmann, and A. Neuer, “Effect of
acupuncture on the outcome of in vitro fertilization and
intracytoplasmic sperm injection: a randomized, prospective,
controlled clinical study,” Fertility and Sterility, vol. 85, no. 5,
pp. 1347–1351, 2006.

[12] W. E. Paulus, M. Zhang, E. Strehler, I. El-Danasouri, and
K. Sterzik, “Influence of acupuncture on the pregnancy rate in
patients who undergo assisted reproduction therapy,” Fertility
and Sterility, vol. 77, no. 4, pp. 721–724, 2002.

[13] X. Wang, F. Jing, C. Wang et al., “,e influence for success
rate of warm acupuncture for tube baby of infertility patients
with kidney yang deficiency: a randomized controlled trial,”
Chinese Acupuncture & Moxibustion, vol. 36, no. 9,
pp. 906–910, 2016.

[14] J. Feng, J. Wang, Y. Zhang et al., “,e efficacy of comple-
mentary and alternative medicine in the treatment of female
infertility,” Evidence-Based Complementary and Alternative
Medicine, vol. 2021, Article ID 6634309, 21 pages, 2021.

[15] D. Zou, X. Meng, B.Wang et al., “Analysis of pharmacological
mechanisms and targets mining of Wuzi-Yanzong-Wan for
treating non-obstructive oligoasthenospermia,” Biomedicine
& Pharmacotherapy, vol. 115, Article ID 108898, 2019.

[16] D. L. Wu, T. S. Wang, W. Zhang, J. S. Wang, D. Y. Peng, and
L. Y. Kong, “NMR-based metabolomics approach to study the
effects of Wu-Zi-Yan-Zong-Wan on triptolide-induced oli-
gospermia in rats,” Journal of Ethnopharmacology, vol. 265,
Article ID 113192, 2021.

[17] Y. Zheng, J. Zhang, W. Huang et al., “Sini san inhibits chronic
psychological stress-induced breast cancer stemness by sup-
pressing cortisol-mediated GRP78 activation,” Frontiers in
Pharmacology, vol. 12, Article ID 714163, 2021.

[18] F. Qu, D. Zhang, L. T. Chen et al., “Auricular acupressure
reduces anxiety levels and improves outcomes of in vitro
fertilization: a prospective, randomized and controlled study,”
Scientific Reports, vol. 4, no. 1, p. 5028, 2014.

[19] M. A. Qianhong, L. I. Shangwei, and Z. Huang, “Timing of
start of controlled ovarian hyperstimulation after pituitary
down-regulation by depot GnRH agonist,” Journal of Practical
Obstetrics and Gynecology, 2006.

[20] Practice Committee of Society for Assisted Reproductive
Technology, “Elective single-embryo transfer,” Fertility and
Sterility, vol. 97, no. 4, pp. 835–842, 2012.

[21] A. Mekinian, J. Cohen, G. Kayem et al., “Unexplained re-
current early miscarriages: role of immunomodulation?” La
Revue de Medecine Interne, vol. 38, no. 4, pp. 264–268, 2017.

[22] C. Carneiro, M. Sarno, M. Cavalcante, and R. Barini, “Un-
explained recurrent miscarriages: predictive value of immune
biomarkers and immunomodulatory therapies for live birth,”
American Journal of Reproductive Immunology, vol. 87, no. 2,
Article ID e13512, 2022.

[23] K. Kolanska, Y. Dabi, A. Dechartres et al., “Unexplained
recurrent miscarriages: predictive value of immune bio-
markers and immunomodulatory therapies for live birth,”
American Journal of Reproductive Immunology, vol. 86, no. 2,
Article ID e13425, 2021.

[24] Q. Gao, L. Han, X. Li, and X. Cai, “Traditional Chinese
medicine, the zishen yutai pill, ameliorates precocious

endometrial maturation induced by controlled ovarian hy-
perstimulation and improves uterine receptivity via upre-
gulation of HOXA10,” Evidence-Based Complementary and
Alternative Medicine, vol. 2015, Article ID 317586, 10 pages,
2015.

[25] H. Xue, J. Dong, H. Xu, X. Huang, H. Dai, and C. Hao,
“Tiaogeng Yijing decoction improves the pregnancy outcomes
of patients with poor ovarian response undergoing in vitro
fertilization-embryo transfer,” Experimental and :erapeutic
Medicine, vol. 14, no. 4, pp. 3935–3941, 2017.

[26] H. Zhou, Y. Yang, L. Deng, Y. Yao, and X. Liao, “A potential
mechanism of kidney-tonifying herbs treating unexplained
recurrent spontaneous abortion: clinical evidence from the
homogeneity of embryo implantation and tumor invasion,”
Frontiers in Pharmacology, vol. 12, Article ID 775245, 2021.

[27] R. Zhang, X. J. Feng, Q. Guan et al., “Increase of success rate
for women undergoing embryo transfer by transcutaneous
electrical acupoint stimulation: a prospective randomized
placebo-controlled study,” Fertility and Sterility, vol. 96, no. 4,
pp. 912–916, 2011.

[28] P. Yin, Z. Zhang, J. Li et al., “Ferulic acid inhibits bovine
endometrial epithelial cells against LPS-induced in-
flammation via suppressing NK-κB and MAPK pathway,”
Research in Veterinary Science, vol. 126, pp. 164–169, 2019.

[29] N. ,anh-Van, W. Manita, and D. L. T. Kim, “Effects of
chlorogenic acid (CGA) supplementation during in?vitro
maturation culture on the development and quality of porcine
embryos with electroporation treatment after in?vitro fertil-
ization,” Animal Science Journal, 2018.

[30] F. Mottola, N. Scudiero, C. Iovine, M. Santonastaso, and
L. Rocco, “Protective activity of ellagic acid in counteract
oxidative stress damage in zebrafish embryonic develop-
ment,” Ecotoxicology and Environmental Safety, vol. 197,
Article ID 110642, 2020.

[31] H. Akkoyun and A. Karadeniz, “Investigation of the pro-
tective effect of ellagic acid for preventing kidney injury in rats
exposed to nicotine during the fetal period,” Biotechnic &
Histochemistry, vol. 91, no. 2, pp. 108–115, 2016.

[32] A. Wei and S. Yanli, “Hyperoside attenuates pregnancy loss
through activating autophagy and suppressing inflammation
in a rat model,” Life Sciences, vol. 254, 2020.

[33] C. Tan, F. Meng, and R. E. Albert, “Modulation of nuclear
factor-κB signaling and reduction of neural tube defects by
quercetin-3-glucoside in embryos of diabetic mice,” American
Journal of Obstetrics & Gynecology, vol. 219, 2018.

[34] K. Kim and Chun, “Effect of acteoside on the re-localization
and abnormal morphology of mitochondria in porcine oo-
cytes during in vitro maturation,” Journal of Assisted Re-
production & Genetics, vol. 33, 2016.

[35] W. Zhang, X. Lu, W. Wang et al., “Inhibitory effects of
emodin, thymol, and astragalin on leptospira interrogans-
induced inflammatory response in the uterine and endo-
metrium epithelial cells of mice,” Inflammation, vol. 40, no. 2,
pp. 666–675, 2017.

[36] Y. Zhao, Y. Xu, Y. Li et al., “Supplementation of kaempferol to
in vitro maturation medium regulates oxidative stress and
enhances subsequent embryonic development in vitro,” Zy-
gote, vol. 28, no. 1, pp. 59–64, 2019.

[37] X. Yao, H. Jiang, Y. NanXu, X. Piao, Q. Gao, and N. H. Kim,
“Kaempferol attenuates mitochondrial dysfunction and oxi-
dative stress induced by H2O2 during porcine embryonic
development,” :eriogenology, vol. 135, pp. 174–180, 2019.

14 Evidence-Based Complementary and Alternative Medicine



[38] Y. Li, W. Peng, and R. Jianlin, “Estrogen-like effects of
saikosaponin-d in mice,” Journal of Chinese Integrative
Medicine, vol. 7, no. 7, pp. 657–660, 2009.

[39] H. R. Park, H. J. Choi, B. S. Kim et al., “Paeoniflorin enhances
endometrial receptivity through leukemia inhibitory factor,”
Biomolecules, vol. 11, no. 3, p. 439, 2021.

[40] Y. C. Li, X. X. Zheng, S. Z. Xia et al., “Paeoniflorin ameliorates
depressive-like behavior in prenatally stressed offspring by
restoring the HPA axis- and glucocorticoid receptor-
associated dysfunction,” Journal of Affective Disorders,
vol. 274, pp. 471–481, 2020.

[41] Y.Wang, H.Wu, P. Chen,W. Su,W. Peng, and P. Li, “Fertility
and early embryonic development toxicity assessment of
naringin in Sprague-Dawley rats,” Regulatory Toxicology and
Pharmacology, vol. 123, no. 1, Article ID 104938, 2021.

[42] S. Merzoug and M. L. Toumi, “Effects of hesperidin on
formaldehyde-induced toxicity in pregnant rats,” EXCLI
Journal, vol. 16, pp. 400–413, 2017.

[43] A. Khodadadeh, S. Hassanpour, and G. Akbari, “Prenatal
exposure to hesperidin improves reflexive motor behaviors in
mice offspring,” International Journal of Developmental
Neuroscience, vol. 80, no. 7, pp. 648–656, 2020.

[44] L. Yang, C. Z. Chai, Y. Yan et al., “Spasmolytic mechanism of
aqueous licorice extract on oxytocin-induced uterine con-
traction through inhibiting the phosphorylation of heat shock
protein 27,” Molecules, vol. 22, no. 9, p. 1392, 2017.

[45] J. Zhao, J. Gao, and H. Li, “Ferulic acid confers protection on
islet β cells and placental tissues of rats with gestational di-
abetes mellitus,” Cellular and Molecular Biology (Noisy-le-
Grand, France), vol. 66, no. 1, pp. 37–41, 2020.

[46] Y. Chen and X. Fengxia, “Ferulic acid ameliorated placental
inflammation and apoptosis in rat with preeclampsia,”
Clinical and Experimental Hypertension, vol. 41, pp. 1–7, 2018.

[47] F. Hu, Y. Hu, and F. Peng, “Synergistic and protective effect of
atorvastatin and amygdalin against histopathological and
biochemical alterations in Sprague-Dawley rats with experi-
mental endometriosis,” AMB Express, vol. 9, no. 1, p. 37, 2019.

[48] A. Kolesarova, S. Baldovska, and S. Roychoudhury, “,e
multiple actions of amygdalin on cellular processes with an
emphasis on female reproduction,” Pharmaceuticals, vol. 9,
p. 881, 2021.

[49] H. Zhang, Study on the Anti-inflammatory Mechanism of
Catalpol by Inhibiting NF-κB/MAPK Signal Pathway and its
Effect on Endometritis [Ph.D.], Huazhong Agricultural Uni-
versity, Wuhan, China, 2021.

[50] C. Nguyen-Ngo, C. Salomon, A. Lai, J. C. Willcox, and
M. Lappas, “Anti-inflammatory effects of gallic acid in human
gestational tissues in vitro,” Reproduction (Cambridge, En-
gland), vol. 160, no. 4, pp. 561–578, 2020.

[51] S. Huang, F. Xiao, S. W. Guo, and T. Zhang, “Tetrame-
thylpyrazine retards the progression and fibrogenesis of en-
dometriosis,” Reproductive Sciences, vol. 29, no. 4,
pp. 1170–1187, 2022.

[52] Y. Yuan, L. Zhao, X. Wang, F. Lian, and Y. Cai, “Ligustrazine-
Induced microRNA-16-5p inhibition alleviates preeclampsia
through IGF-2,” Reproduction (Cambridge, England), vol. 6,
pp. 905–917, 2020.

[53] N. Huang, H. Chi, and J. Qiao, “Role of regulatory T cells in
regulating fetal-maternal immune tolerance in healthy
pregnancies and reproductive diseases,” Frontiers in Immu-
nology, vol. 11, 2020.

[54] G. Mor, P. Aldo, and A. B. Alvero, “,e unique immuno-
logical and microbial aspects of pregnancy,” Nature Reviews
Immunology, vol. 17, no. 8, pp. 469–482, 2017.

[55] N. G. ,an, S. Hahn, S. W. Rossi, and J. Szekeres-Bartho,
“Editorial: fetal-maternal immune interactions in pregnancy,”
Frontiers in Immunology, vol. 10, p. 2729, 2019.

[56] Y. Gnainsky, I. Granot, P. Aldo et al., “Biopsy-induced in-
flammatory conditions improve endometrial receptivity: the
mechanism of action,” Reproduction (Cambridge, England),
vol. 149, no. 1, pp. 75–85, 2015.

[57] S. Saito, A. Nakashima, T. Shima, and M. Ito, “,1/,2/,17
and regulatory T-cell paradigm in pregnancy,” American
Journal of Reproductive Immunology, vol. 63, no. 6, pp. 601–
610, 2010.

[58] A. Erlebacher, “Mechanisms of T cell tolerance towards the
allogeneic fetus,” Nature Reviews Immunology, vol. 13, no. 1,
pp. 23–33, 2013.

[59] L. F. Edey, K. P. O’dea, B. R. Herbert et al., “,e local and
systemic immune response to intrauterine LPS in the pre-
partum mouse,” Biology of Reproduction, vol. 95, no. 6, p. 125,
2016.

[60] J. Calleja-Agius, S. Muttukrishna, A. R. Pizzey, and
E. Jauniaux, “Pro- and antiinflammatory cytokines in
threatened miscarriages,” American Journal of Obstetrics and
Gynecology, vol. 205, no. 1, pp. 83.e8–16, 2011.

[61] S. B. Ali, Y. Jeelall, C. E. Pennell, R. Hart, A. McLean-Tooke,
and M. Lucas, “,e role of immunological testing and in-
tervention in reproductive medicine: a fertile collaboration?”
American Journal of reproductive Immunology, vol. 79, no. 3,
Article ID e12784, 2018.

[62] W. Mak, L. A. Kondapalli, G. Celia, J. Gordon, M. DiMattina,
and M. Payson, “Natural cycle IVF reduces the risk of low
birthweight infants compared with conventional stimulated
IVF,” Human Reproduction (Oxford, England), vol. 31, no. 4,
pp. 789–794, 2016.

[63] M. J. Pelinck, M. H. Keizer, A. Hoek et al., “Perinatal outcome
in singletons after modified natural cycle IVF and standard
IVF with ovarian stimulation,” European Journal of Obstetrics
& Gynecology and Reproductive Biology, vol. 148, no. 1,
pp. 56–61, 2010.

Evidence-Based Complementary and Alternative Medicine 15


